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As  far  back  as  the  beginning  of  history  the  highest  value  has 
been  set  upon  a  pure  water  supply,  and  centers  of  population  have 
sprung  up  around  those  places  where  it  was  readily  available.  To 
be  sure  strictly  pure  water  is  only  an  artificial  product  of  the 
laboratory,  and  is  not  to  be  found  in  nature  whether  it  be  receiv- 
ed directly  from  the  clouds  or  obtained  indirectly  after  it  has 
washed  through  the  surface  strata  of  the  earth.   In  either  case  its 
solvent  power  enables  it  to  take  up  many  substances  which  from  a 
chemical  point  of  view  are  impurities.   The  primary  form  of  natu- 
ral water  is  rain,  the  chief  impurities  in  which  are  traces  of  or- 
ganic  matter,  ammonia,  amnionic  nitrate. and  carbon  dioxide  derived 
from  the  atmosphere.     By  contact  with  the  ground  it  becomes  charg- 
ed with  the  soluble  constituents  of  the  soil,     such  as  calcium 
and  magnesium  carbonates,  of  potassium  and  sodium  chlorides  and 
other  salts,  some  of  which  may  be  dissolved  by  the  agency  of  car- 
bonic acid  in  solution.   Some  of  this  rain  water  as  it  sinks  through 
the  soil  may  find  its  way  to  a  well.  If  this  be  a  deep  well  from 
which  the  surface  water  is  excluded  or  far  away  from  any  animal 
organic  refuse  the  various  salts  which  might  be  found  in  the  water 
would  be  harmless  and  only  aid  in  making  the  water  more  palatable. 
On  the  other  hand,  however,  if  it  be  shallow  and  close  to  dwell- 
ings where  the  soil  will  be  almost  inevitably  charged  with  excreta.1 
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and  other  refuse  so  that  the  water  when  it  reaches  the  well  will  he 
contaminated  with  soluble  impurities  thence  derived,  and  with  ni- 
trites and  nitrates  resulting  from  their  oxidation.   It  therefore 
rests  with  the  analyst  now  adays  to  determine  what  formerly  the 
consumer  had  to  discover  for  himself  by  long  and  perhaps  hazardous 
experience,  whether  the  impurities  found  in  water  are  of  such  a 
nature  as  to  render  it  unsuitable,  for  the  particular  purpose  for 
which  it  was  intended  to  be  used. 

It  is  a  recognized  fact  that  drinking  water  which  contains  a 
portion  of  organic  filth  and  especiall  that  of  animal  origin  is 
injurious  to  health,  and  it  is  to  this  substance  that  the  analyst 
should  direct  his  attention.   To  this  class  belong  all  those  com- 
pounds forming  tissues  that  are  intimately  associated  with  vital 
action;  also  many  characteristic  excretory  products.   These  bodies 
are  mostly  unstable,  and  as  soon  as  their  vitality  ceases  begin  to 
decompose,  partly  by  oxidation,  partly  by  splitting  up  into  simpler 
forms;   these  changes  being  in  most  cases  brcugh  about  by  microor- 
ganisms. Among  these  products  noticed  in  the  early  stage  of  decay, 
are  substances  which  possess  close  analogies  to  the  organic  bases 
or  alkalies,  but  more  susceptible  of  decomposition.   They  are  gen- 
erally present  in  minute  amount,  but  are  not  inf requently  very 
active  in  their  physiological  effect.  As  a  group  these  bodies  are 
known  as  the  ptomaines,  nitrogen  is  an  invariable  ingredient.  The 
ultimate  result  of  the  process  of  decomposition  depends  largely  on 
circumstances.  When  organic  matters  containing  nitrogen  are  sub- 


jected  to  the  action  of  oxidizing  agents  such-  as  alkaline  potas- 
sium permanganate  or  chromic  acid,  some  of  the  nitrogen  is  con- 
verted into  ammonia.    (Leffmann  and  Beam  page  13)3-  A  similar  result 
occurs  in  all  waters,  but  a  considerable  portion  of  the  organic 
matter  may  also  suffer  further  oxidation,  and  in  association  with 
the  mineral  substances  present  form  nitrites  a.nd  nitrates  especial- 
ly the  latter.   This  conversion  is  called  nitrification,  and  it 
takes  place  under  the  influence  of  microbes  the  habitat  of  which 
does  not  extend  more  than  a  few  yards  below  the  surface  of  the  soil. 
In  case,  however,  that  these  bacilli  should  become  overtaxed,  or 
if  the  water  should  get  into  the  well  from  the  surface,  then  what 
formerly  had  been  converted  into  harmless  nitrates  might  have  a 
most  poisonous  effect  upon  the  human  system.  Microbes  also  exist 
in  surface  waters,  and  the  nitrifying  action  goes  on  much  the  same 
as  in  the  soil.  Frankland    in  his  Water  Analysis  page  28  says, 
that  nitrates  are  formed  very  slowly  in  rivers  and  streams,  ani- 
mal organic  matter  being  oxidized  much  more  slowly  in  running  than 
in  percolating  waters.   They  are  not  formed  in  waters  deficient  in 
dissolved  oxygen,  and  are  if  already  present  reduced  by  the  ad- 
dition of  more  organic  matter.   Thus  they  are  not  usually  found  in 
sewage.  Nitrates  are  absorbed  by  vegetation,  and  may  therefore  be 
partially  or  completely  removed  when  the  water  containing  thera 
flows  over  growing  plants.   There  are  other  ways  by  which  nitrates 
might  find  their  way  into  waters,  for  instance  from  the  various 
geological  strata  which  the  waters  traverse.   It  is  best  therefore 


that  a  complete  chemical  analysis  "be  made,  and  the  surroundings  he 
strictly  observed;  for  it  is  quite  evident  that  no  individual  point 
in  the  analysis  of  water  can  give  conclusive  information  as  re- 
gards the  fitness  or  unfitness  of  a  water  for  drinking  purposes. 

There  seems  to  he  a  great  difference  of  opinion  as  to  the 
value  of  an  estimation  of  the  amount  of  nitrates  in  water.  For 
instance  Dr.  Frankland  seems  to  think,  that  estimation  of  this 
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salt  affords  the  key  to  the  whole  situation,  while  Mr.  Wanklyn, 
an  equally  good  chemist,  says,  in  his  book  on  Water  Analysis, 
fourth  edition,  and  is  again  quoted  by  Foxf  page  98,  it  cannot  be 
too  strongly  insisted  upon,  that  the  nitrates  afford  no  data  of 
any  value  in  judging  of  the  organic  quality  of  a  water.  No  doubt 
both  of  these  chemists  are  conscientious  in  their  convictions. 
Being  inexperienced  and  not  wishing  to  dispute  the  word  of  either 
of  these  great  chemists,  I  will  remain  neutral,  and  consider  the 
truth  as  lying  midway;  We  cannot  help  recognizing  the  fact, 
however,  that  the  sewage  and  animal  organic  matter  which  find 
their  way  into  our  rivers  and  wells,  ultimately  give  rise  to  the 
formation  of  nitrates,  and  the  proportion  of  free  ammonia,  and 
nitrogen  as  nitrites  and  nitrates,  have  had  their  place  in  our 
analytical  schemes  as  measurement  of  sewage  pollution  present 
and  past.   It  must  then  appear  that  the  determination  of  nitrates 
is  only  a  link  in  a  chain  which  leads  to  an  end,  and  in  order  to 
pronounce  a  water  good  or  bad,  a  complete  chemical  analysis  must 
be  made.   It  would  be  very  important  though,  that  they  be  deter- 
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mined  in  most  all  shallow  wells.   Therefore  in  our  attempt  to  place 
the  much  troubled  subject  of  water  analysis  upon  a  more  satisfac- 
tory basis,  the  determination  of  nitrates  must  have  its  place. 

There  are  many  distinct  modes  of  estimating  nitrogen  as  ni- 
trates but  the  ones  in  most  common  use  are  the  Aluminum  Reduction 
Method,  and  the  Phenol  Sulphonic  Acid  Method.   These  two  methods 
have  been  adopted  by  most  chemists  as  giving  the  best  results; 
yet  an  accurate  determination  of  nitrate  in  large  numbers  of  sam- 
ples of  water  has  presented  considerable  difficulty  for  many  years. 
About  twenty  years  ago,  the  phenol  sulphonic  acid  process  was  se- 
lected as  being  on  the  whole  the  most  satisfactory,  but  of  la.te 
years  the  aluminum  reduction  method  has  come  more  to  the  front. 
There  is  yet,  however,  a  good  deal  of  controversy  as  to  which  one 
of  these  methods  is  the  most  accurate  for  genera.l  purposes,  and 
neither  of  them  have  as  yet  been  universally  adopted  as  a  stan- 
dard. 

The  phenol  sulphonic  acid  method  was  discovered  in  the  year 
1885  by  Grandval  and  Lajoux.  It  consists  essentially  of  evaporat- 
ing a  measured  portion  of  wa.ter  to  dryness,  and  treating  the  res- 
idue with  a  solution  of  phenol  in  sulphuric  acid;  a  portion  of 
which  the  nitric  acid  liberated  converts  into  ni tro-plienols  which 
when  made  alkaline  are  strongly  yellow.   The  color  so  produced  is 
compared  to  that  obtained  in  a  similar  way  from  known  quantities  of 
potassium  nitrate.  The  accuracy  of  the  method  can  be  somewhat  in- 
creased by  adding  sodium  carbonate  to  the  nitrate  solution,  to 


prevent  the  loss  of  any  nitric  acid  which  might  he  present;  by  de- 
colorizing yellow  surface  waters  with  alumina,  and  hy  taking  the 
dish  in  which  the  water  has  been  evaporated  off  the  water  hath 
as  soon  as  it  has  reached  dryness.   So  far  there  does  not  seem  to 
he  any  standard  way  of  manipulating  the  method,  hut  each  chem- 
ist has  a  modification  of  his  own,  which  he  claims  is  the  best. 
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For  instance  in  1891  Vol.   5  of  the  Journal  of  Analytical  and  Ap- 
plied  Chemistry,  as  well  as  in  1889  Vol.60  of  the  Chemical  Hews, 
Hazen  and  Clark,  and  Dr.   Samuel  Rideal  used  strictly  pure  phenol 
and  sulphuric  acid  nearly  free  from  water,  and  do  not  heat  the 
acid  before  or  after  it  has  been  added  to  the  dry  residue.  Then 
in  1890  Vol.61  of  the  Chemical  News?  A.E.Johnson  adds  hydrochloric 
acid  and  considerable  water,  after  the  mixture  of  phenol  and  sul- 
phuric acid  have  been  heated  for  several  hours.   Then  after  it  is 
added  to  the  dry  residue,  it  is  heated  again  gently. 

In  1891  Vol.16  of  the  Analyst8  and  in  1891  Vol.   64  of  the 
p 

Chemical  News,  Hazen  and  Clark,  claim  they  have  made  many  attempts 
to  use  standards  made  from  pure  picric  acid,  but  their  color  was 
found  to  be  only  a  third  as  deep  as  that  of  standard  made  by  treat- 
ing potassium  nitrate  with  phenol  sulphonic  acid.   Other  nitro- 
phenols  were  tried,  but  none  matched  the  standards  perfectly.  It 
is  possible  to  match  particular  standards  by  mixing  different 
nitro  compounds,  but  for  other  standards  different  mixtures  are 
required..  They  found  that  in  the  standars  prepared  from  potassium 
nitrate  a  pure  compound  is  not  formed,  but  a  mixture  of  varying 


proportions  of  different  nitro-phenols,  and  as  the  different  com- 
pounds are  by  no  means  of  the  same  color  for  equal  contents  of 
nitrogen,  variations  in  the  proportions  of  different  compounds 
formed  ma.y  give  rise  to  very  serious  errors.   The  same  authors 
claim  that  the  principal  products  formed  are  usually  ortho  and 
para  nitro-phenols  in  varying  proportions.   They  were  not  success- 
ful in  so  controlling  the  reaction  as  to  get  a  constant  product, 
and  therefore  came  to  the  conclusion  that  this  process  with  proper 
precautions  gives  results  usually  too  low,  and  often  much  too  low; 
and  they  say  although  it  may  be  useful  in  some  cases,  yet  they 
have  been  unable  to  obtain  results  of  the  desired  accuracy. 

In  1389  Vol.60  of  the  Chemical  News}0  Dr.   Samuel  Rideal  has 
made  a  comparison  with  the  carboxol  method.   This  is  also  a  color- 


imetric  method  and  depends  upon  much  «the  same  principals  as  the 
phenol  sulphonic  method, except  the  phenol  sulphonic  acid  is  re- 
placed by  a  carboxol  solution,  and  the  water  does  not  have  to  be 
evaporated  to  dryness.   Carboxol  is  a  compound  of  the  formula 


^HH,  and  has  the  property  of  turning  green  with  nitric  acid 


when  dissolved  in  glacial  .acetic  acid  and  mixed  with  sulphuric 
acid.   The  author  comes  to  an  entirely  different  conclusion  than 
Hazen  and  Clark.  His  method  is  a  little  different  than  the  others, 
however,  so  -  it  might  be  well  to  give  the  synopsis  of  it  here.  He 
adds  to  the  dry  residue  1  c. c.  of  the  pure  phenol  sulphonic  acid, 
which  had  been  made  without  warming;   then  adds  1  c. c.  of  pure 


C6H4 
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water,  and  three  drops  of  strong  sulphuric  acid,  and  the  mixture 
gently  warmed.  He  claims  also,  that  the  phenol  sul phonic  acid  must 
he  prepared  some  little  time  before  use  as  the  fresh  solution 
gives  a  faint  greenish  tinge  to  the  color  of  the  ammonium  picrate. 

The  presence  of  chlorides  has  been  found  to  lower  the  results 
often  seriously.  The  error  increasing  with  the  ratio  of  chlorine 
to  nitrate,  but  is  not  proportions.!  to  it.  Hazen  and  Clark  found 
that  the  results  of  the  process  upon  150  ground  waters  average  lly, 
lower  than  the  results  obtained  by  the  aluminum  process,  numerous 
methods  have  been  devised  for  eliminating  this  error,  but  the  ones 
that  have  met  with  the  most  favor,  are  the  precipitation  of  the 
chlorides  by  a  solution  of  silver  sulphate,  or  the  addition  of 
chlorides  to  the  standard.   Even  when  these  precautions  are  used, 
some  authors  claim  the  results  are  low. 

Since  there  seems  to  be  such  a  great  difference  of  opinion, 
we  hardly  know  who  to  believe  until  we  have  made  an  investigation 
of  our  own;  so  for  a  time  we  will  drop  this  method,  and  study  one 
other  that  is  of  equal  importance. 

The  aluminum  reduction  method  which  seems  to  be  more  univer- 
sally used  now  than  any  other,  was  discovered  about  the  year  1861, 
by  Prof.  -Schulze.  It  depends  upon  the  property  of  some  metals  to 

produce  ammonia  from  nitric  acid.   In  this  relation  metals  must  be 

of  "the 

divided  into  two  classes  exclusiveA  inactive  metals,  one  formed  of 
those  which  produce  ammonia  from  it,  and  the  other  from  those  which 
do  not. 


To  the  former  belong  tin,  lead,  zinc,  cadmium,  magnesium,  iron, 
aluminum,  potassium,  sodium  and  others;  while  the  latter  includes 
copper,  mercury,  silver,  "bismuth  and  others,  Metals  of  the  latter 
class  cause  all  the  hydrogen  of  the  nitric  acid  to  combine  with 
the  oxygen  to  form  water.  In  1885  Vol.43  Journal  of  the  Chemi- 
cal Society}'1'  Edward  Divers  says,  the  former  metals  form  ammonia 
and  generally  also  hydroxylamine.   They  exercise  two  actions  one  up- 
on  the  nitric  acid  itself,  and  one  upon  the  hydroxylamine  they 
have  produced.   This  action  occurs  without  evident  break  into 
successive  stages.   The  second  action  of  these  metals  is  that  in 
which  they  combine  with  hydroxylamine  to  form  metal  ammonium  hy- 
droxide,  which  decomposes  with  water  into  metal  hydroxide  and 
ammonia.  As  one  glances  through  the  methods  for  the  determination 
of  ammonia  by  reduction,  it  is  easily  noticed,  that  it  is  general- 
ly   necessary  for  some  other  metal,  acid  or  alkali  to  be  present 
besides  one  of  the  aluminum  type.  For  instance  in  the  preparation 
of  ammonia  given  in  Remsen;  granulated  zinc  is  treated  with  di- 
lute  sulphuric  acid,  and  while  the  action  is  in  progress,  nitric 
acid  is  added  drop  by  drop.   The  acid  is  thus  reduced,  and  the 
ammonia  which  is  formed  remains  in  combination  with  the  sulphuric 
acid  as  ammonium  sulphate.   So  in  the  reduction  of  nitrates  by 
means  of  aluminum  sodium  hydroxide  must  be  present  in  order  that 
hydrogen  be  liberated. 

From  what  has  been  said,  we  would  naturally  suppose  that  any  of 
the  metals  of  the  aluminum  class  could  be  used  as  a  reducing 


agent.   The  copper  zinc  couple  was  used  even  before  aluminum, 
and  was  considered  a  very  accurate  method.   The  couple  is  an 
electrical  pair  formed  by  the  intimate  contact  of  the  metals 
zinc  and  copper,  without  however,  the  production  of  an  alloy* 
Zinc  when  in  this  form  has  the  power  of  decomposing  pure  dis- 
tilled water  at  the  ordinary  temperature,  and  is  capable  of  ef- 
fecting many  other  decompositions  which  zinc  alone  cannot  do. 
Among  these  is  the  decomposition  of  nitrates  and  the  transfor-  '. 
mation    of  the  nitric  acid  into  ammonia.   Gladstone  and  Tribe 
have  shown,  that  the  action  of  the  copper  zinc  couple  upon  a 
nitre  solution,consists    in  the  electrolysis  of  the  nitre,  re- 
sulting in  the  liberation  of  hydrogen,  and  the  formation  of 
zinc  oxide.   The  hydrogen  is. liberated  upon  and  occluded  by  the 
spongy  copper  and  when  thus  occluded,  it  is  capable  of  reduc- 
ing the  nitrate  solution. 

In  1893  Vol.18  of  the  Analyst*2  the  author  T. F.  Schmilt, 
gives  a  method  whereby  powdered  iron  and  zinc  are  used  as  the 
reducing  agent.  Again  lit  1888  Vol.  57  of  the  Journal  of  the  Chem- 
ical  Society,    J.B.   Colen  and  R.  Ormandy,  gives  a  new  method 
for  the  estimation  of  nitrates,  whereby  they  used  a  thin  sheet 
of  aluminum  coated  with  a  film  of  metallic  mercury.  They  claim 
that  the  nitrates  are  all  reduced  by  this  method  in  about  an 
hour,  while  the  other  methods  such  as  the  copper  zinc  couple 
takes  about  six  hours. 

As  I  have  already  said  the  aluminum  process  for  the  deter- 
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m ination  of  nitrates  has  boon  more  extensively  used  of  late  years 
than  any  of  the  other  reduction  methods,  so  it  would  be  well  to 
study  it  more  in  detail.  It  usually  consists  of  boiling  a  por- 
tion of  water  with  caustic  soda  to  expel  ammonia,  and  after  cool- 
ing adding  a  piece  of  aluminum  foil.   The  hydrogen  evolved,  re- 
duces the  nitrates  and  nitrites  present  to  ammonia.   In  order  to 
be  sure  that  no  ammonia  is  lost  in  the  reduction,  the  hydrogen 
can  be  taken  through  dilute  acid.  After  the  reduction  is  complete, 
the  acid  is  washed  into  the  water,  and  the  ammonia  distilled  and 
nesslerised.   The  process  might  be  divided  into  two  parts.  The 
reduction  to  ammonia,  and  the  estimation  of  ammonia  formed.  For 
convenience  the  determination  of  ammonia  will  first  be  consid- 
ered, and  afterwards  the  conditions  of  complete  reduction. 

The  amount  of  ammonia  removed  by  the  hydrogen  is  ordinarily 

so  small  that  it  seems  better  by  Hazen  and  Clark,  in  1891  Vol.64 
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of  the  Chemical  News,     and  in  the.  Journal  of  Analytical  and  Ap- 
plied  Chemistry      Vol.5,  to  estimate  its  quantity  rather  than 
use  the  troublesome  absorption  tubes  of  glass  moistened  with 
acid.   The  proportion  of  ammonia  removed  in  a  given  time,  depends 
a  good  deal  upon  temperature  and  the  amount  present.  It  has  been 
determined  by  these  men,  that  when  one  gram  of  aluminum  is  dis- 
solved, that  there  is  a.  loss  of  about  3.5$  of  the  whole  amount  of 
ammonia  present.  With  different  amounts  of  ammonia,  the  same  per- 
centage is  removed;  at  higher  temperatures  the  loss  is  greater, 
with  reduced  pressure  the  loss  is  greater,  and  is  inversely 
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proportional  to  the  pressure.   The  loss  from  a  nitrate  solution  is 
slightly  less  than  from  ammonia  solution,  because  there  is  no 
ammonia  to  be  lost  when  the  first  hydrogen  is  given  off. 

Most  authors  claim  that  with  ground  waters  at  least  distilla- 
tion of  ammonia  after  reduction  is  unnecessary ,  for  quite  as  good 
results  are  obtained  by  diluting  an  aloquot  portion^nesslerizating 
direct,  the  conditions  of  success  of  this  process  are  that  the 
Water  after  reduction  shall  be  practically  colorless,  and  free 
from  the  black  residue  of  the  aluminum,  and  that  no  alumina  shall 
precipitate  before  nesslerization.   The  reducing  action  of  the  nas- 
cent hydrogen  with  a  caustic  alkali,  and  the  carbonates,  always 
present  clarifies  a  majority  of  waters  sufficiently,  and  it  is 
only  with  yellow  swamp  waters  with  low  nitrates,  where  large  vol- 
umes must  be  taken  for  the  determination,  that  the  color  inter- 
feres with  the  result.  Waters  usually  settle  so  clear  after  the 
action,  that  the  suspsnded  matters  are  not  troublesome.   The  sep- 
aration of  alumina  causes  the  greatest  difficulty,  clouding  the 
tube  and  often  seriously  lowering  the  readings.   This  can  be  pre- 
vented by  using  for  dilution  distilled  water  entirely  free  from 
carbonic  acid.   Such  a  water  can  be  easily  prepared  by  blowing 
steam  through  ordinary  good  distilled  water.   Care  must  be  taken 
that  carbonic  acid  of  the  breath  does  not  come  in  contact  with  the 
water,  while  measuring  with  a  pipette. 

For  a  long  time  there  was  thought  to  be  a  loss  of  ammonia 
when  it  was  distilled.  In  1890  Vol. 62  of  the  Chemical  News}6 
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page  125,  the  authors  Allen  Hazen  and  Harry  W.   Clark  made  exper- 
iments upon  standard  ammonia  chloride  to  determine  this  loss,  and 
they  found  that  only  85  to  95%  of  the  ammonia  taken,  was  found  in 
the  distillate.   It  was  observed,  however,  that  no  more  ammonia 
was  obtained  when  the  end  of  the  condenser  dipped  below  the  sur- 
face of  cold  water,  and  also  by  repeatedly  redistilling  a  distil- 
late from  standard  ammonium  chloride  solution,  no  more  was  lost 
than  by  a  single  distillation.   They  found  that  the  cause  of  this 
apparent  loss  was  due  to  the  low  temperature  of  the  distillates. 
The  city  water  at  a  temperature  of  5°  running  about  .the  block 
condenser  cooled  the  distillate  to  nearly  the  same  temperature, 
and  the  time  that  the  tubes  stood  before  nesslerising  was  insuf- 
ficient to  warm  them  to  the  temperature  of  the  room.   It  was  found 
that  the  color  obtained  by  nesslerising  an  ammonia  solution,  de- 
pends upon  its  temperature.   The  warmer  the  solution,  the  deeper 
will  be  the  color  produced,  so  that  a  standard  containing  4  c. c. 
of  ammonia  solution  nesslerised  at  30°,  will  give  a  color  equal  to 
that  obtained  from  5  c.  c.  nesslerised  at  15°,  or  6  c.  c.  nessleris- 
ed at  0°.   The  author  in  conclusion,  says,  that  he  has  confirmed 
by  numerous  determinations  that  there  is  no  loss  of  ammonia  by 
incomplete  condensation. 

The  nessler  test  ordinarily  is  very  delicate  when  carried  on 
directly.  In  1082  Vol.46  of  the  Chemical  News}7  a  note  is  given 
on  nesslerising,  which  is  of  considerable  importance.   The  author 
Reuben  Haines,  says,  that  particular  care  should  be  taken  to  ren- 
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der  the  nessler  solution  sufficiently  sensitive  by  a  little  ad- 
dition of  mercuric  chloride  solution.   In  nesslcrising  50  c.c.  con- 
taining .04  m.gr.  ammonia,  the  full  color  ought  to  be  developed 
almost  immediately,  and  no  change  in  color  ought  to  be  perceptible 
after  half  a  minute  has  elapsed.   In  solutions  containing  less  am- 
monia the  color  is  developed  more  slowly,  but  with  even  so  little 
as  .005  m.gr.   the  color  ought  to  be  fully  developed  in  less  than 
two  minutes.   The  whole  estimation  should  be  concluded  as  soon 
as  possible  for  several  reasons,  one  of  which  is,  that  occasion- 
ally a  turbidity  will  occur  in  the  nesslerised  distillate  in  a- 
bout  ten  or  fifteen  minutes,  or  a  bright  red  precipitate  will 
sometimes  be  formed  at  the  bottom  of  the  glass  when  exposed  to  a 
bright  light,  both  of  which  occurences  are  altogether  fatal  to 
any  accuracy.   The  rapidity  of  development  of  the  full  color  pro- 
duced by  the  nessler  solution,  is  believed  to  be  wholly  depend- 
ent upon  the  degree  of  sensitiveness,  imparted  by  additional  mer- 
curic chloride  to  the  nessler  solution. 

With  a  majority  of  waters  the  aluminum  dissolves'  much  more 
slowly  than  in  distilled  water  or  in  solutions  of  potassium  ni- 
trate in  distilled  water.  Whatever  the  cause  of  this  phenomenon, 
its  effect  is  to  make  the  hydrogen  even  more  effective  than  with 
potassium  nitrate,  for  in  1891  Vol.5  of  the  Journal  of  Analytical 
and  Applied  Chemistry,     the  author  has  made  some  experiments 
which  proves  this  very  conclusively.   Therefore  conditions  which 
are  best  adapted  to  the  reduction  of  potassium  nitrate,  often 
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fail  completely  with  waters,  because  in  the  time  which  suffices 
for  the  complete  reduction  of  the  standard,  the  reduction  of  waters 
with  slow  action  is  far  from  complete.  As  with  the  phenol  sul- 
phonic  acid  process,  the  fact  of  obtaining  good  results  with  stan- 
dards is  insufficient  evidence  that  accurate  results  with  waters 
will  be  obtained.   The  absence  of  nitrites  as  shown  by  the  sul- 
phanilic  acid  and  naph thy 1 amine  test,  is  the  best  evidence  that 
reduction  is  complete.  As  long  as  a  decided  red  is  given  to  these 
reagents,  reduction  is  incomplete,  and  no  higher  results  can  be 
obtained  by  dissolving  more  aluminum.   To  obtain  this  result  with 
waters  in  a  moderate  length  of  time  it  is  necessary  to  use  twice 
as  much  caustic  soda  as  is  required  for  potassium  nitrate  stan- 
dards. 

It  has  been  found  with  large  amounts  of  organic  matter,  the 

action  of  the  caustic  soda  and  aluminum  decomposes  a  portion  of 

the  organic  matter  with  formation  of  ammonia,  this  is  shown  in 
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1391  Vol.5  of  the  Journal* of  Analytical  and  Applied  Chemistry, 
by  experiment  with  peptone  albumen.  As  far  as  these  experiments 
have  been  carried  this  error  does  not  exceed  4$  of  the  albuminoid 
ammonia.  With  almost  all  ground  waters  and  most  surface  waters 
this  error  is  quite  insignificant.  With  excessive  organic  matter, 
and  in  the  presence  of  nitrates,  the  results  obtained  can  be  taken 
as  a  maximum  limit,  and  the  same  less  4%  of  the  albuminoid  am- 
monia has  a  probable  minimum  limit.  Nitrate  determinations  in  such 
unusual  cases,  however,  would  not  be  of  much  importance.   The  phenol 


sul phonic  acid  process  is  also  quite  unreliable  under  these  con- 
ditions, the  organic  matters  giving  a  yellow  color,  which  often 
corresponds  to  more  nitrate  than  is  shown  by  the  aluminum  process. 


The  phenol  sulphonic  acid  method  as  given  in  Mason's  Water 
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Supply,  page  381-383,  Fox's  Sanitary  Examination  of  Water,  2nd 
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edition,  page  120,  and  Chemical  News,     Vol. SO,  1339,  page  261, 
directions  as  given  here  were  followed.   The  authors  call  it  a  mod- 
ification of  the  old  picric  acid  method. 

The  reactions  are  as  follows: 

C6H50H  4  HoS04  0  C6H40HS03H  +  HpO. 
This  reagent  reacting  with  nitric  acid  forms  tri-nitro- phenolj 

G6H4OHSO3H  +  3HN0|5  ■  C5Ho(0K)  (N02)5 H2S04  +  2HoO 
which  forms  yellow  ammonium  picrate  when  acted  upon  by  ammoni- 
um hydrate; 

C6Ho(0H)(N02)3+  NH4OH  a  C6H20NH4,(N02)3  +  H  O.  ■ 
The  reagents  necessary  for  the  determination  are  a  solution  of 
phenol  sulphonic  acid,  containing  148  c. c.  of  sulphuric  acid  pure 
and  concentrated;  12  c c.  of  distilled  water,  and  24  gr.   of  pure 
phenol.  A  standard  potassium  nitrate  solution  containing  .7221  gr. 
of  pure  potassium  nitrate,  to  one  litre,  of  distilled  water;  100 
c.c  of  this  solution  is  then  diluted  to  one  litre.  A  standard 
potassium  chloride  solution  containing  2.1045  gr.   of  pure 


potassium  chloride,  to  one  litre  of  distilled  water.  A  standard 
silver  nitrate  solution  containing  2. 3944  gr.   of  silver  nitrate, 
to  one  litre  of  distilled  water,  A  potassium  chromate  solution 
containing  50  gr.   of  potassium  chromate  to  one  litre  of  distilled 
water. 

The  method  of  procedure  is  as  follows:  100  c.c  (or  less  ac- 
cording to  nitrate  contents)  of  the  water  are  evaporated  to  dry- 
ness on  the  water  bath,  having  previously  added  l/lO  c.c.  sodium 
carbonate  solution  to  prevent  loss  from  volatilization  of  nitric 
acid.   Thoroughly  moisten  the  residue  with  2  c.c.  of  the  sulphonic 
acid;  add  an  excess  of  ammonium  hydrate.  Make  up  to  50  c.c   in  a 
nessler  jar,  and  compare  the  depth  of  color  with  those  produced 
by  operating  upon  different  amounts  of  the  standard  nitrate  sol- 
ution, which  have  been  evaporated  and  treated  under  precisely 
similar  conditions. 

A  description  of  the  aluminum  reduction  method  is  to  be  found 

^  OA 

in  the  Water  Analysis,  Lab.  Guide^  Frankland's  Water  Analysis, 
2nd  edition,  page  30,  and  the  Analyst?5  Vol.11,  page  181,  (Sidney 
Harvey),  1391,  Vol.16  of  the  Analyst?6   (Hazen  Clark). 

The  reagents  necessary  for  the  determination  are, a  solution 
of  nitrogen  free  alkali  consisting  of  300  gr.   of  sodium  hydroxide 
dissolved  in  1000  c.c.  of  water;  100  sq.   cm,  of  aluminium  foil 
added,  and  after  standing*  awhile  boiled  down  to  600  c.c;  then 
made  up  to  1000  c.c  again  with  distilled  water.  A  standard  am- 
monia chloride  solution  consisting  of  1.9107  gr.   ammonia  chloride 
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to  a  litre,  and  20  cc  of  this  solution  diluted  to  one  litre. 
A  nessler  solution  consisting  of  62.3  gr.   potassium  iodide  dis- 
solved in  2*50  c.c.  of  water;  a  7.5$  solution  of  mercuric  chloride, 
then  added  to  the  potassium  iodide  solution  until  a  slight  pre- 
cipitate is  formed;  150  gr.   of  potassium  hydroxide  in  150  c.c 
of  water  added  to  this  solution,  and  the  whole  made  up  to  one  li- 
tre. 

The  method  is  as  followsi    measure  out  100  c.c   of  the  water 
in  a  clean  casserole,  add  2  cf c.   of  nitrogen  free  sodium  hydroxide 
solution,  and  boil  down  carefully  to  about  25  c.c;  now  transfer 
all  of  the  liquid  into  a  clean  100  c.c.   test  tube,   (l  l/2  in.  in 
diameter),  and  wash  out  the  casserole  w'ith  a  policeman  and  am- 
monia free  water;  finally  dilute  to  about  100  c.c,  and  add  about 
2  gr.   of  aluminum  foil,  cover  test  tube  with  small  watch  crystal, 
and  set  aside  in  a  beaker  of  water  for  twelve  to  eighteen  hours. 
By  this  treatment  all  the  nitrites  and  nitrates  are  converted  in- 
to ammonia. 

3KJT0e+   21K0H  +  8A1  =  8K«A10* +    3NH„0H  +  3Ho0 ; 

KN02  4-  5K0H  +  2A1  «  SKgAlOg  4-  NH^OH. 
After  the  reduction  has  been  going  on  the  required  length  of 
time,  transfer  the  entire  contents  of  the  test  tube  to  a  clean 
distilling  flask,  rinse  the  test  tube  three  times  with  ammonia 
free  distilled  water,  transferring  the  washings  to  the  distilling 
flask.  In  this  way  add  250  c.c.  ammonia  free  distilled  water; 


finally  connect  the  distilling  flask  with  the  ammonia  free  condens- 
er, and  distill  off  until  250  c.  c.  have  been  collected  in  the  re- 
ceiver. Use  nessler  tubes  when  the  nitrates  are  low,  and  250  c.  c. 
flasks  when  high.   In  most  cases  the  distillates  are  collected  in 
flasks.   If  collected  in  flasks  a  portion  is  transferred  to  nessler 
tubes. 

From  a  small  burette  measure  definite  amounts  of  the  standard 
ammonia  solution  into  several  clean  nessler  tubes,  dilute  each 
to  the  50  c.c.  mark  with  pure  water,  add  1  c.c  nessler  solution, 
and  after  standing  for  five  minutes  compare  as  to  depth  of  tint 
with  the  distillates  already  nesslerised. 

In  order  to  get  familiar  with  the  methods  a  sample  of  water 
was  collected  from  610  Green  St.  ,  Champaign,  and  the  nitrates  de- 
termined by  both  methods  several  times. 

Ammonia  was  used  in  the  phenol  sulphonic  acid  method, and  it 
caused  a  great  deal  of  trouble.   The  ammonia  fumes  interfered  with 
the  other  method,  so  they  could  not  be  operated  at  the  same  time. 
They  spoiled  the  ammonia  free  water,  and  got  into  the  condenser; 
so  that  it  was  impossible  to  keep  it  distilled  out  ammonia  free. 

The  water  was  first  tested  for  chlorides  by  placing  50  c.c. 
in  a  porcelain  dish,  1  c.c.   solution  added,  and  then  the  .standard 
silver  solution  run  in  from  a  burette,  until  a  red  tint  of  sil- 
ver chromate  just  appears.   The  standard  chloride  solution  was  then 
added  to  the  potassium  nitrate,  so  that  it  contained  the  same 
amount  as  the  unknown. 
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Eight  determinations  were  made  on  the  vrater.   In  the  first  two, 
100  c.  c.   of '  water  was  taken  for  both  methods.   Then  in  the  remain- 
ing ones  only  10  c.  c.  was  taken  for  the  phenol  sul phonic  acid  meth 
od. 


WATER  COLLECTED  AT  610  GREEN  ST. ,  CHAMPAIGN. 


 PARTS  PER  MILLION  

AL  ,.  PHENOL 
NO.       METHOD        METHOD      CHLORIDES  REMARKS 


17  7  27  100  c. c.  of  water  taken  for 

both  methods. 

2  7  7  w 


3            7  8 

i» 

loo  c.c   of  water  taken  for 

the  aluminium  method  and  10 

4            7  8 

it 

c.  c.   for  the  phenol  sul phonic 

acid  method. 

5            7  9 

•» 

6        6.5  8 

it 

7            7  5 

w 

Samples  for  the  phenol  sulphoii* 

ic  acid  method  remained  on 

8        6.5  4 

» 

water  bath  after  they  had  gone 

to  dryness. 

Prepared  samples  1 

>vere  now  worked  on,  in  order  to  see  how  ac- 

curate  the  results  were  as  well  as 

to  compare  them.   They  were 

made  out  of  pure  pota 

ssium  nitrate 

and  pure  distilled  water. 

In  1891  Vol.16  of 

the  Analyst, 

Hazen  and  Clark,  use  sodium 

hydroxide  in  place  of 

ammonia,  and 

so  potassium  hydroxide  was 

tried  here,  in  order  to  get  rid  of  the  ammonia  fumes.   The  colors 
did  not  seem  to  come  out,  though,  as  they  did  with  the  ammonia. 
The  standards  which  differed  very  slightly  in  strengths  did  not 
seem  to  differ  at  all  in  color  when  potassium  hydroxide  was  used. 
In  order  to  find  out  what  was  the  matter,  a  comparison  was  made 
using  ammonia  on  the  one  hand  and  potassium  hydroxide  on  the  other. 
The  standards  containing  .5  c.c.   of  potassium  nitrate  made  al- 
kaline, withpotassium  hydroxide,  compared  with  the  standard  con- 
taining 5  c.c.  when  ammonia  was  used.   10  c.c.  of  the  potassium  hy- 
droxide was  now  added  to  the  pure  phenol  sulphonic  acid,  and  a 
decided  yellow  color  was  produced,  due  to  the  organic  impurities 
in  the  potassium  hydroxide.   25  c.c  of  water  was  then  added  to  the 
acid  before  the  potassium  hydroxide,  .and  there  was  no  color  pro- 
duced, as  the  organic  impurities  in  the  potassium  hydroxide  did 
not  come  in  contact  with  the  strong  acid.  Another  comparison  was 
made  with  samples  made  alkaline  with  ammonia  and  with  potassium 
hydroxide, but  this  time  water  was  first  added  to  the  acid.  This 
made  a  decided  difference,  and  they  compared  very  favorably. 

This  latter  method  was  used  for  awhile,  but  as  it  could  not 
be  manipulated  with  any  rapidity,  as  so  many  standards  had  to  be 
made  up  in  order  to  get  one  of  the  right  strength,  and  as  it  did 
not  give  very  good  results  a  new  method  of  procedure  was  tried. 

The  method  together  with  the  preparation  of  the  phenol  sul- 
phonic acid  is  given  in  Sutton"J  3th  edition,  page  29Q,  Leffmann 
and  Beam  Water  Analysis?8  2nd  edition,  page  33  and  1890  Vol.61, 


-  22  - 


page  15  of  the  Chemical  News, 

Phenol  Sul phonic  acid  (method  of  preparation),-  80  c.c.  (cp) 
melted  phenol  poured  into  200  c.c.   cone,   sulphuric  acid,  heated 
in  water  bath  for  eight  hours.     The  mixture  is  cooled  and  140  c.c. 
(cp)  hydrochloric  acid  with  420  c.c.  of  water  added.   The  solution 
is  then  ready  for  use. 

Process.-  10  c.c.  of  the  water  under  examination,  and  10  c.c. 

« 

of  the  standard  potassium  nitrate  are  pipetted  into  two  small 
"beakers,  and  placed  near  the  edge  of  a  hot  plate.  When  nearly  e- 
vaporated  they  are  removed  to  the  top  of  a  water  oven,  and  left 
there  till  they  are  evaporated  to  complete  dryness.  As  this  oper- 
ation usually  takes  about  an  hour  and  a  half,  it  is  better  when 
time  is  an  object  to  evaporate  to  dryness  in  a  platinum  dish  over 
steam.   The  residue  in  each  case  is  then  treated  with  1  c.c.  of  the 
phenol  sul phonic  acid,  and  the  beakers  are  placed  on  the  top  of 
the  water  oven.   If  the  water  under  examination  contains  a  large 
quantity  of  nitrates,   the  liquid  speedily  assumes  a  .red  color, 
which  in  a  good  water  will  not  appear  for  about  ten  minutes.  After 
standing  for  fifteen  minutes,  the  beakers  are  removed,  the  con- 
tents of  each  washed  out  successively  into  a  100  c.c.  measuring 
glass,  a  slight  excess  of  potassium  hydroxide  added,     and  made  up 
to  100  c.c.  by  the  addition  of  water,  and  the  yellow  liquid  trans- 
ferred to  a  nessler  glass.   The  more  strongly  colored  liquid  is 
then  partly  transferred  to  the  nesslerising  glass  again,  and  the 
tints  compared  a  second  time. 
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In  this  way  the  tints  are  adjusted,  and  when  as  far  as  possible 
matched,  the  liquid  that  has  been  partially  removed  is  made  up 
to  the  100  c. c.  mark  with  water,  and  after  well  mixing  compared. 
If  not  exactly  the  same,  a  new  liquid  can  at  once  be  made  up  prob- 
ably of  exactly  the  same  tint,  as  the  first  experiment  gives  very 
nearly  the  number  of  c.c.  of  one  equivalent  to  the  100  c.c.  of  the 
o  ther. 

The  results  by  the  aluminium  method  came  out  low;  so  in  order 
to  see  if  any  ammonia  was  lost  upon  collecting  the  distillates, 
they  were  run  through  ^  adaptors,  that  had  their  tips  just  below 
the  surface  of  a  little  water  in  an  erlmeyer  flask  of  250  c c. 
capacity*  This  helped  a  little,  but  still  the  results  were  low, 
so  hydrochloric  acid  was  used  in  place  of  the  water. 

It  was  first  necessary  to  determine  the  amount  of  ammonia  in 
the  acid.   25  c. c.  of  fuming  hydrochloric  acid  was  diluted  to  one 
litre,  and  thoroughly  mixed.   To  10  c.  c.  of  this,  250  c. c.  of  water, 
and  2  c. c.  of  ammonia  free  alkali  was  added,  distilled  and  the 
distillate  collected  in  nessler  tubes.  The  first  tube  compared 
with  .3  c. c.  standard,  and  the  others  did  not  contain  any  ammonia 
at  all.  Therefore  the  acid  contained.. 3  parts  per  million,  which 
had  to  be  subtracted  from  the  results  of  the  prepared  samples. 

The  results  were  still  low,  so  a  few  experiments  were  made  to 
determine  if  possible  where  the  error  lay.   Six  tubes  containing 
a  solution  of  ammonia  chloride  were  first  nesslerised.  The  re- 
sults were  nearly  all  exactly  correct.   The  cross  lights  caused  a 
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little  trouble,  but  this  source  of  error  can  be  done  away  with  by- 
placing  the  unknown  first  on  one  side  of  the  standard  and  then 
on  the  other.  This  experiment  proved  that  the  nessler  test  is  very 
accurate. 

Next  eight  samples  -of  ammonia  chloride  were  distilled  and 
nesslerised  to  determine  if  there  was  any  loss  in  distillation. 
The  results  varied  some  which  was  perhaps  due  to  a  slight  loss, 
and  to  the  multiplication  of  a  slight  error.  It  is  almost  impos- 
sible to  make  up  standards  differing  less  than  .5  of  a  c. c. ,  and 
this  error  when  multiplied  several  times  would  make  quite  a  dif- 
ference in  the  results.  As  there  is  not  much  lost  during  distil- 
lation, it  must  occur  during  reduction.  It  can  be  assigned  to  sev- 
eral reasons. 

Perhaps  all  the  nitrates  were  not  reduced,  part  remaining  be- 
hind as  nitrites  and  as  hydroxy lam ine.  Perhaps  some  of  it  goes  off 
as  free  nitrogen  into  the  air,  and  some  ammonia  without  doubt  es- 
capes with  the  hydrogen. 

In  the  phenol  sulphonic  acid  method  the  results  varied.  This 
is  perhaps  due  to  the  fact,  that  different  nitro-phenols  are  form- 
ed. Without  doubt  they  vary  in  color,  and  being  not  always  pro- 
duced in  the  same  proportion  would  make  a  decided  variation  in 
results. 
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P  H  E 

N  0  L 

S  U  L  P  H  0  N 

I  C    A  C  I 

D  METHOD 

SET 

NO. 

PARTS 

M.  STRENGTH 

%  FOUND 

REMARKS 

1 

1 

3. 4 

• 

5.  2 

65.  3 

NH^OH  used  to  make  al- 

2 

3.  3 

5.  2 

63.  46 

kaline. 

2 

3 

6.  5 

9.  2 

70. 65 

4 

6.0 

9.  2 

65.  21 

3 

5 

6.  5 

10. 0 

65.00 

K0H  used  to  make  alka- 

>* 

6 

6.  5 

10.0 

65. 00 

line. 

4 

MM 

7 

6.3 

9.4 

67.02 

8 

6.5 

9.4 

69.  15 

5 

9 

•  8 

1.0 

80. 00 

10 

•  8 

1.0 

80. 00 

6 

11 

1.  6 

2.0 

80. 00 

12 

1.  7 

2. 0 

85. 00 

JLO 

r^.  U 

OA  o 

Nn^OH  used  again. 

14 

2.  0 

2.  5 

90. 9 

Q 

o 

15 

1.  3 

1. 74 

74.  71 

16 

1.  5 

1.  74 

86.  20 

• 

Q 

17 

20. 0 

17.4 

114.9 

• 

18 

18.0 

17.4 

103.45 

i  o 

19 

2.  7 

2.8 

96.42 

OA 

O  O 

2.  9 

2.  8 

103. 59 

11 

21 

2.2 

2.5 

88.00 

K0H  was  used,  first 

22 

2.2 

88.00' 

2.5 

and  tnen  the  alkali. 

PHENOL    SULPHONIC    ACID  METHOD 


SET        NO.   PARTS  M.     STRENGTH        %  FOUND  REMARKS 


12  23  22.0  21.9  100.4 
24  22.0  21.9  100.4 

13  25  15.0  17.4  •  86.2 
26  16.0  17.4  94.11 

14  27  25.0  21.5  116.26 
28  25.0  21.5  116.28 

15  29  15.6  13.6  114.7  New  method  of  proced- 
30  15.6  13.6  114.7  ure  tried. 

16  31  25.0  23.8  105.0 
32  25.0  23.8  105.0 

17  33  14.3  12.6  '  113.48 
34  14.0  12.6  116.66 

18  35  38.4  42.6  90.14 
36  40.0  42.6  93.66 

19  37  29.4  34.6  84.9 
38  29.4  34.6  84.9 

20  39  15.6  15.4  101.3 
40  15.6  15.4  101.3 

21  41  27.7  29.4  94.21 
42  29.3  29.4  99.66 

22  43  18.0  20.6  87.38 
44  18.5  20.6  89.80 

23  45  8.0  7.6  105.26 
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P  H  E 

N  0  L  S 

U  L  P  H  0 

NIC    ACID  METHOD 

oJiT 

NO. 

FARlb  M. 

FOUND  REMARKS 
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RA 
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OO  o 
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er 

oo 
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X<J.  U 

TOT  ft 
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OQ 

R7 
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xy. 
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AA 
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TOO  ff 
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OQ  .  A1 

£jV  •  **X 

OQ  O 

<sy  •  u 

TOT  AT 
XUX. IX 

ft  Q 
Oa 

29.0 

101.41 
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ALUMINIUM    REDUCTION  METHOD 

SET        NO.  PARTS  M.       STRENGTH      %  POUND      \Z^^lh  REMARKS 

 METHOD   


1  1  3.0  5.2  57.3  65.3 
2  3.5  5.2  67.3  63.46 

2  3  6.5  9.2  70.65  70.65 
4  6.5  9.2  70.65  70.65 

3  5  6.5  10.0  65.00  65.00 
6  6.5  10.0  65.00  65.00 

4  7  6.5  9.4  67.02  67.02 
8  6.5  9.4  67.02  69.15 

5  9  .8  1.0  80.00  80.00 
10  .8  1.0  80.00  80.00 

6  11  1.6  2.0  80.00  80.00 
12  1.6  2.0  80.00  85.00 

7  13  1.5  2.5  60.00  90.9 
14  1.55  2.5  62.00  90.9 

8  15  1.0  1.74  56.9  74.71 
16  1.05  1.74  60.34  86.20 

9  17  15.0  17.4  86.2  114.9 
18  14.5  17.4  83.33  103.45 

10  19  2.0  2.8  70.14  96.42 
20  2.05  2.8  73.21  103.59 

11  21  1.75  2.5  70.00  88.00 
22  1.8  2.5  72.00  88.00 


ALUMINIUM    REDUCTION  METHOD 


-  • 


w™h  „  o^™,-™  -f  »   %  PHENOL 

SET        NO.  PARTS  M.  STRENGTH  %  FOUND       METHOD  REMARKS 

12  23  16.5  21.9  75.3  100.4 
24  17.0  21.9  77.62  100.4 

13  25  13.5  17.4  77.58  86.2 
'     26  13.5  17.4  77.58  94.11 

14  27  17.5  '    21.5  81.39  116.28 
28  17.5  21.5  81.39  116.28 

15  29  12.0  13.6  88.23  114.7 
30  12.0  13.6  88.23  114.7 

16  31  20.0  23.8  84.1  105.0 
32  20.0  23.8  84.1  105.0 

17  33.  11.0  12.6  87.3  113.48 
34  11.0  12.6  87.3  116.66 

18  35  37.5  42.6  88.02  90.14 
36  37.5  42.6  88.02  93.66 

19  37  26.0  34.6  75.14        84.9         Distillates  run 
38  26.5  34.6  76.59        84.9  into  water  by 

20  39  13.00  15.4  86.66  101.3         means  of  adap- 
40  13.0  15.4  86.66  101.3  tors. 

21  41  24.0  29.4  81.6  94.21 
42  24.0  29.4  81.6  99.66 

22  43  16.0  20.6  77.6  87.38 
44  16.5  20.6  80.09  89.80 

S3        45  7.0  7.6  92.1  105.26 
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ALUMINIUM    REDUCTION  METHOD 


%  phenol" 


SET        NO.  PARTS  M.       STRENGTH      %  FOUND        METHOD  REMARKS 


46  7.0  7.6  92.1  105.26 

24  47  19.1  24.6  77.64  79.67 
43  19.3  24.6  78.45  78.05 

25  49  8.65  10.1  85.64  89.18 
50  8.65  10.1  85.64  89.18 

26  51  8.75  9.7  90.2  94.84 
52  8.75'  9.7  90.2  92.78 

27  53      18.5  20.0  92.5  96.00  Distillates 

run  into  acid. 

54      18.5  20.0  92.5  96.00        Dilute  acid  us- 

ed and  it  con- 

28  55      11.0  12.0  91.66        101.6  tained  .3  parts 

per  million. 

56        9.75  12.0  81.25        101.6         No.   55  reduced 

in  a  nessler 

29  57      18.5  20.0  92.5  96.0  tube. 
58      18.5               20.0            92.5  96.0 

30  59      21.5  26.0  82.69  89.23 

60      22.5  26.0  86.53         91.53       No. 60  reduced 

in  a  nessler 

31  61      14.7  17.8  82.58        103.36  tube. 
62      15.0               17.8  83.31  103.36 

32  63      16.2  21.2  76.41  94.34 
64      17.0               21.2  80.24  107.17 

33  65      10..2  9.2         110.86        120.76        No.  65  must 

have  been  con- 

66        8.0  9.2  86.99        108.70        tain ina ted  for 

it  is  the  only 

34  67      26.0  29.0  89.65        101.41        sample  that 


68      26.0  29.0  89.65  101.41 


came  out  high. 
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EXPERIMENT  FOR  THE  DETERMINATION  OF  THE  ACCURACY  OF  THE 

NESSL-iiR  11 

ETHOD  FOR  THiij  DETERMINATION  OF  AMMONIA. 

SET 

STRENGTH 

PilrR     I.  • 

PARTS  M.  STRENGTH 
FOUND             IN  50  C.C. 

%  FOUND 

± 

PR 

xU  /  .  Xffc 

2 

.28 

.26                  1.4  1.3 

92.85 

3 

.23 

.23                  1.15  1.15 

100.00 

4 

.32 

.32                  1.6  1.6 

100.00 

5 

.49 

R                         P   An                         P  K 

102.04 

6 

.21 

 _ 

.2                    1.05  1.0 

95.23 
—  

T''V"nTT'T5  T  T  '"rT'TiTT 

 —  

TO  DETERMINE  IF  THERE  IS  ANY  LOSS  OF 
AMMONIA  DURING  DISTILLATION. 

SET 

PARTS  IS 

STRENGTHS           %  FOUND  REMARKS 

T 

.  Uoo 

.082                  107.36         These  were  not  run 

o 

1  PA 

.132                     93.93          in  duplj 

.cates. 

PHA 

.158  122.79 

4 

.124 

.128  96.89 

5 

.2 

.21  95.23 

6 

.24 

.292  82.19 

7 

po 

.224  98.21 

8 

.3 

.276  108.69 
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The  above  experiments  naturally  led  to  the  question.  Do  these 
methods  give  better  or  worse  results,  with  water  containing  or- 
ganino  impurities,  than  they  do  with  a  solution  of  potassium  ni- 
trate in  distilled  water?  In  order  to  answer  this  question,  I  worked 
upon  sewage,  because  this  water  contains  organic  matter  in  excess. 

On  the  13th  of  April,  I  went  to  the  man-hole  of  the  Champaign 
sewer, be t^veen  the  metal  shops  and  the  old  street  railway  line,  but 
as  it  had  been  covered  up  with  dirt,  I  collected  the  water  from  a 
man-hole  one  block  north  of  Springfield  Ave. .in  Urbana.  The  sewage 
was  then  taken  to  the  laboratory,  thoroughly  mixed  and  the  nitrate 
determined  by  both  methods.  This  was  repeated  for  several  days, 
but  as  there  was  no  change  and  as  the  nitrates  were  very  high,  it 
was  concluded  that  it  was  mostly  ground  water,  and  so  a  new  sample 
was  collected. 

On  the  17th  of  April  a  sample  of  sewage  was  collected  from  a 
man-hole  of  the  Champaign  sewer  ea3t  of  the  University  grounds. 
The  sewage  was  immediately  taken  to  the  laboratory,  where  the  al- 
buinoid  ammonia,  the  free  ammonia,'  and  the  nitrates  determined  by 
both  methods.  The  chlorides  were  also  determined,  and  the  required 
amount  added  to  the  standards.  The  nitrates  by  the  aluminium  method 
gradually  decreased,  but  by  the  phenol  sulphonic  acid  method,  they 
varied. 

On  the  2Rth  of  April  another  sample  of  sewage  was  collected 
from  the  man -hole  east  of  the  University  grounds,  and  the  nitrates 
determined.  This  time  the  water  was  lower,  so  that  it  did  not  con- 
tain so  much  surface  water.  The  nitrates  were  much  lower,  but  they 
did  not  decrease  quite  so  rapidly. 
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On  May  18th  another  sample  of  sewage  was  collected  from  the 
Champaign  sewer,  and  the  nitrates  determined.  This  collection  was 
made  after  a  long  dry  spell*  so  that  there  was  no  ground  water 
present.  The  nitrates  were  reduced  very  rapidly  in  this  water,  for 
after  standing  one  day,  there  were  none  present. 

In  the  phenol  sul phonic  acid  method,  it  was  found  that  when  the 
acid  was  added  and  heated,  that  the  contents  of  the  dishes  that 
were  on  a  warmer  part  of  the  steam  bath  were  darker  in  color,  than 
those  that  -ere  not  heated  quite  so  warm.  Those  dishes  in  which  the 
solution  was  lighter  in  color  were  transferred  to  a  hotter  place, 
but  it  did  not  seem  to  make  any  difference  after  the  color  had  once 
formed.  A  water  bath  was  fixed  up,  and  the  dishes  containing  the 
unknowns  and  the  standards,  were  kept  at  exactly  the  same  tempera- 
ture. The  standards  now  came  out  almost  exactly  the  same,  and  the 
duplicates  containing  the  unknowns  differed  very  slightly.  This  re- 
action seems  to  be  very  delicate  in  regard  to  temperature, for  the 
difference  of  a  few  degrees  made  a  great  difference  in  color. 

In  the  aluminium  reduction  method  the  aluminium  dissolved  more 
sloY;ly  in  sewage,  than  it  did  in  a  solution  of  potassium  nitrate 
in  distilled  water.  I  think  this  slow  action  made  the  hydrogen  more 
effective  for  the  duplicates  came  out  very  Closely  together. 

To  summarize  the  results  obtained  by  these  two  methods  upon 
different  waters,  I  'found  that  the  phenol  sulphonic  acid  method  gave 
the  best  results  with  the  prepared  samples.  In  fact  I  think  the 
results  would  have  been  almost  exactly  correct,  if  the  dishes  had 
been  kept  at  exactly  the  same  temperature,  while  the  nitro -phenols 
were  being  formed.  V/ith  sewage  the  results  were  not  so  good,  due 
perhaps  to  the  iron  and  the  organic  impurities  in  the  water. 


By  the  aluminium  reduction  method  the  results  were  always  low. 
Although  I  got  better  results  after  the  distillates  were  run  into 
water  and  acid,  yet  they  were  still  too  low.  In  sewage  it  gave  bet- 
ter results  than  did  the  phenol  sul phonic  acid  method.  If  a  sample 
of  water  could  be  prepared  so  that  it  contained  a  known  amount  of 
nitrate,  as  well  as  the  impurities  which  ordinary  water  contains; 
then  the  nitrates  determined  until  the  exact  loss  is  known;  I  think 
this  method  would  be  very  accurate,  if  this  loss  was  added  to  the  re 
result  of  each  determination. 


SEWAGE 


Sam-pie  col  1  ec ted  from  Urbana  s ewer ,  mostly  around  water. 
DATE  .  OF        DATE  &  HOUR  "   ~"  NITRATES 


COLLECTION 

OF 

AL 

PHENOL 

ALB •  FREE 

OF  SAMPLE 

EXAMINATION 

NO 

.  METHOD 

METHOD 

NH3..  NH3 

April  13th 

April  13th 

1 

35.4 

38.45 

6C 

11  A.M. 

2 

35.4 

38.45 

April  14th 

I 

35.4 

41.66 

10  A.M. 

2 

35.4 

41.66 

April  15th 

1 

35.4 

45.45 

10  A.M. 

2 

35.4 

45.45 

Sample  collected 

from 

Champaign 

sewer,  water  high. 

April  17th 

April  17th 

1 

19.5 

20.00 

1.25  4.2 

10:30  A.M. 

2 

19.0 

21.30 

1.1  4.2 

April  18th 

1 

14.25 

18.51 

.9  5.0 

10  A.M. 

2 

14.25 

17.9 

.9  5.0 

April  20th 

1 

14.00 

16.13 

.675  6.0 

9  A.M. 

2 

14.00 

15.87 

.7  6.0 

April  21st 

1 

13.75 

14.28 

.5  6.664 

9  A.M. 

2 

13.5 

13.9 

.4  6.664 

idei 


47 
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Sam-pie  collected 

from 

OhamDaidi 

sewer,  water  high. 

DATE  OF 

DATE  &  HOUR 

NITRATES 

Ur 

AL 

PHENOL 

ALB.  FEEE  CHL0R- 

OF  SAMPLE 

EXAMINATION 

*T  o 

NO  • 

METHOD 

METHOD 

NH3 

April  17th 

April  22nd 

1 

13.25 

18.51 

,425 

7 . 497  47 

9  A.M. 

2 

13.25 

16 . 66 

.375 

7.497 

April  23rd 

1 

17.9 

•  375 

7  •  66 

9  A.M. 

2 

32.5 

TO  O 

19 . 2 

.375 

7.66 

April  24th 

1 

to  cr 

1<£.  5 

16.66 

.35 

7.00 

9  A.M. 

2 

12.8 

16.13 

.35 

7.00 

April  25th 

1 

12.0 

16.66 

.  ij  O 

2  P.M. 

2 

12.0 

16.13 

Sample  collected 

from 

Champaign 

sewer,  water  lower 

• 

XX    (.  O  liLl 

j. 

5.9 

6.0 

.875 

9,0 

11  A.M. 

2 

o .  1 

6.0 

9.25  36 

Nitrites 

Anril  29  th 

1 

6.0 

5.0 

O  O 

9.0 

9  A.M. 

2 

6,0 

5.0 

•  95 

8.6 

ADril  30th 

1 

5.5 

5.0 

X  .  <J 

O  O 

8.2 

9  A.M. 

2 

5.5 

3.0 

1.2 

8.0 

May  1st 

1 

5.25 

5.0 

1.5 

O  O 

8.8 

9  A.M. 

2 

5.25 

4.0 

1.2 

9.2 

May  2nd 

1 

5.0 

4.0 

1.15 

9.8 

9:30  A.M. 

2 

5. 25 

4.0 

1.1 

9.8 

May  4th 

1 

5.0 

4.0 

1.15 

7.2 

9  A.M. 

2 

5.0 

3.8 

1.1 

7  0 

May  5th 

1 

4-;  95 

3.8 

9  A.M. 

2 

4  07 

3.8 

May  6th 

X 

4.88 

3.6 

1.7 

6.4 

9  A.M. 

2 

4-75 

3.8 

1.5 

7.2 

May  13th 

X 

4.62 

3.6 

.13 

.4 

9  A.M. 

2 

3.4- 

.07 

.4 

May  18th 

May  18th 

1 

4.62 

3.5 

14.0 

r7  rr  r?o 

•  /o  38 

9:30  A.M. 

2 

3.2 

May  19th 

1 

_!_ 

.0 

.0 

9  A.M. 

2 

.0 

.0 

May  20th 

1 

.0 

.0 

17 . 5 

.036 

9  A.M. 

2 

.0 

.0 

19 . 5 

.036 
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